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Abstract
Sirtuins are a class of NAD+-dependent proteins that play a key role in regulating 
lifespan and preserving metabolic equilibrium. According to reports, sirtuin 6 
(SIRT6) may have an oncogenic effect on lung cancer. Nevertheless, it is unclear 
exactly how SIRT6 functions at the molecular level in human lung cancer. For lung 
cancer to continue, Wnt signalling must be properly regulated. It is still mostly 
unclear how Wnt signalling is epigenetically regulated in NSCLC. As a result, we 
looked at how crucial the SIRT6 function is in A549 and H460. In human NSCLC, 
SIRT6 was substantially expressed. NSCLC cell viability was markedly reduced 
when SIRT6 was silenced. β-catenin is less phosphorylated when SIRT6 is knocked 
down. These results suggest that SIRT6 inhibition may increase the quantities of 
active β-catenin protein in NSCLC, which in turn may influence WNT signaling.
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Introduction
	 Cancer develops from the transformation of typical cells 
into tumour cells in a multistage process that progresses from a  
pre-cancerous lesion to a malignant tumour (Cao, p. D et al., 2011). 
These changes or mutations are usually genetic and may be aided 
by tobacco smoke, hormones, certain viruses, and environmental 
hazards such as radiation, ultraviolet radiation, and carcinogenic 
chemicals.
	 Epigenetics is the study of genetic control by factors other than 
a person’s DNA sequence. Epigenetic changes or expressed, while 
others can activate or deactivate genes and determine which proteins 
are transcribed. Changes worldwide in the epigenetic landscape are 
characteristic of cancer. It is unknown if epigenetic anomalies, in 
addition to genetic mutations, play a role in cancer, a disease long 
believed to be hereditary in nature.
	 Recent advances on the rapidly evolving field of cancer epigenetics 
have revealed extensive reprogramming of every epigenetic 
component (Julia M. Wagner et al., 2010).
	 Heritability of gene expression patterns is mediated by 
epigenetic modifications such as cytosine base methylation in DNA, 
posttranslational modifications of histone proteins, and nucleosome 
positioning along the DNA. The complement of these modifications, 
known as the epigenome, provides a mechanism for cellular diversity 

OPEN ACCESS

Volume: 12

Special Issue: 1	

Month: July

Year: 2024 

P-ISSN: 2321-788X

E-ISSN: 2582-0397

Received: 23.05.2024

Accepted: 21.06.2024

Published: 10.07.2024

Citation: 
Elvina, M. “Influence of 
SIRT6 Knock Down on 
Stability of β-Catenin in 
Non- Small Cell Lung 
Cancer Cell Line.” 
Shanlax International 
Journal of Arts, Science 
and Humanities, vol. 12, 
no. S1, 2024, pp. 81–92.

DOI: 
https://doi.org/10.34293/
sijash.v12i1.8021



Alagappa University Journal of Biological Sciences (AUJBS)

ALAGAPPA UNIVERSITY, Karaikudi82

by regulating genetic information that cellular machinery can access. According to Sharma et al. 
(2010), improper maintenance of heritable epigenetic marks can lead to the improper activation or 
inhibition of different signaling pathways, which can cause disease states like cancer. 
	 For many years, cancer cells have been shown to have epigenetic modifications. Only lately 
has it been acknowledged that aberrant DNA methylation is not just a result of the transformation 
process, but rather plays a causative role in carcinogenesis, despite being defined as an early step 
in the process. This insight led to the discovery that cancer cells also exhibit other epigenetic 
modifications, including modifications to the posttranslational state of histones. The core DNA 
sequence is not permanently altered by epigenetic modifications, which are transitory in nature. 
Tumor suppressor genes and important oncogenes exhibit these epigenetic modifications. and 
transcription factors, resulting in the initiation and progression of cancer.
	 A potent genetic technique for determining the genes implicated in particular biological 
processes in human cells and model organisms is RNA interference (RNA) gene silencing. It is 
now feasible to quickly discover novel therapeutic targets and look into their roles in carcinogenesis 
because to the development of large-scale gene knockdown utilizing siRNA libraries (Guo, W 
et al., 2013). In mammalian cell-based systems, RNA interference (RNAi) is currently routinely 
utilized to investigate known signal transduction pathways and find new genes. Many studies using 
siRNA libraries have identified Akt-cooperative kinases (Morgan-Lappe, S. et al., 2006), genes 
influencing TRAIL-induced cell death (Aza-Blanc, P. et al., 2003), and NF-B signalling, a novel 
familial cylindromatosis tumour suppressor gene (Brummelkamp, T. R. et al., 2003). Other than 
these modest research projects
	 In mammalian cells, RNA interference (RNAi) has quickly spread to larger-scale gene 
knockdown research (Colas, A.R et al., 2012, Lee, S. K et al., 2012). Retroviral-based siRNA 
libraries that target approximately one-third of the human genome (Berns, K. et al., 2004), human 
proteasome function (Paddison et al., 2004), and novel tumour suppressor pathways have been 
used to identify genes implicated in p53-mediated cell cycle arrest.
	 Malignant tumors are characterized by their invasive development and propensity to spread. One 
of the most important phases in the invasive development process is the tumor cells’ separation 
from their intercellular connections. Numerous cell adhesion molecules (CAMs) are crucial to this 
procedure. The immunoglobulin superfamily, cadherins, integrins, and selectins are some of the 
most researched CAMs. To attach to another cell, the calcium-dependent homotypic glycoproteins 
that make up cadherins create dimeric zipper-like adhesive structures at the cell membrane.  
The actin cytoskeleton and E (epithelial)-cadherin are connected by cytoplasmic proteins called  
á-, â-, and ã-catenin.
	 E-cadherin’s cytoplasmic domain interacts with â-catenin instead of á-catenin directly,  
as á-catenin mediates the contact with the actin filament network. Empirical data indicates that 
disruption of the E-cadherin/catenin complex plays a pivotal role in the process of differentiation 
loss and invasion initiation.In a small percentage of human malignancies, mutations in the 
E-cadherin gene, which is located on chromosome 16q22.1, have been discovered. According to 
our unpublished observations, we were unable to find this gene’s mutations in any non-small-
cell lung malignancies (NSCLC). It has been demonstrated that the E-cadherin/catenin complex is 
controlled by various factors at several, primarily non-genomic, levels.
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Materials and Methods
Maintenance of Cells
Cell Lines
•	 A549: Cell line for lung cancer 
•	 Large cell lung cancer cell line NCI-H460

Cell Culture
	 The National Centre for Cell Sciences (NCCS), located in Pune, India, is where the lung cancer 
cell lines A549 and NCI-H460 were acquired. The cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM), which was enhanced with 10 % Fetal Bovine Serum (FBS) and 1 % 
antibiotics (penicillin, streptomycin, and amphotericin B). Every cell was grown in a CO2 incubator 
with 5 % CO2 and a humidified environment at 37°C. To sustain the cells in an exponential phase, 
stock cultures were subcultured until all of the cells reached 80 % confluency. The cells were 
then collected using trypsin-EDTA and seeded in a tissue culture flask after being rinsed with 
phosphate-buffered saline (PBS).

Cell Culture Reagents
Incomplete Medium
	 Himedia Laboratories, Mumbai, India provided the DMEM medium containing HEPES 
(4-(2-hydroxyethy1)-1-piperazine ethane sulfonic acid) buffer, glucose, glutamine, sodium 
bicarbonate, and sodium pyruvate.

Serum
10 % Fetal bovine serum (FBS) was acquired from Mumbai, India’s Himedia Laboratories. 

Antibiotics
	 We bought amphotericin B, streptomycin, and penicillin from Himedia Laboratories in Mumbai, 
India.

Complete Medium (DMEM with 10 % FBS)
	 To 90 ml of DMEM and 1 ml of antibiotics, 10 ml of FBS were added to create 100 ml of growth 
medium/complete media. It was kept in an inoffensive container.

Chemicals
	 Hi-Media Laboratories, located in Mumbai, India, provided the trypsin, EDTA, disodium 
hydrogen phosphate, sodium chloride, potassium chloride, and potassium dihydrogen phosphates. 
The analytical grade of all other chemicals utilized in this experiment were obtained from SRL and 
Hi-Media Laboratories in Mumbai, India, and they were all related to cell culture.

0.1 % Trypsin-EDTA
In 100 ml of 1xPBS, 0.1 g of trypsin and 0.1 g of EDTA were dissolved.

1X Phosphate Buffered Saline (PBS) pH 7.4
	 500 milliliters of sterile double-distilled water were used to dissolve 0.74 g of disodium hydrogen 
phosphate (Na2HPO4), 4 g of sodium chloride (NaCl), 0.1 g of potassium chloride (KCl), and 0.12 
g of potassium dihydrogen phosphate (KH2PO4). After using 0.1 N NaOH to get the pH down to 
7.4, the mixture was sterile filtered (0.22 µm), and it was refrigerated.
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Plastic-Wares
	 Purchases from Tarson’s Products, Kolkata, India, included tissue culture flasks, tissue culture 
plates, centrifuge tubes, serological pipettes, tips, and other items.

Passaging the Cells
	 After the cells reached confluence, they were separated using the trypsin-EDTA solution in the 
following manner: The culture’s Medium was aspired to. After swiftly aspirating the flask once 
more, 2 cc of 1X PBS was used to rinse it. After adding 1 ml of trypsin-EDTA solution, the mixture 
was incubated at 37°C for approximately 3–5 minutes, or until the cells began to separate from the 
surface. As soon as the cells were free, the trypsinated medium containing the cells was centrifuged 
for three minutes at 1000 rpm using a serological pipette. With caution, the medium was aspirated. 
The pipette tip was carefully removed from the tube where the cells were pelleted.
	 Through retro pipetting, the cells were gradually suspended in 10 % FBS-containing new DMEM 
liquid. A drop of the cell suspension was applied to the Neuberger hemocytometer’s coverslip’s 
edge. By capillary action, the drop was allowed to run under the coverslip. Air bubbles were 
prevented from entering the liquid by being careful not to “force” it. Next, using a microscope, 
the cells from the E1, E2, E3, E4 and E5 squares were counted. After that, the cells were carefully 
resuspended in new growth medium and put into sterile T-25 flasks. The medium’s volume was 
then increased to 5 ml using the growth medium/flask combination.

Transfection Efficiency of siRNA Oligonucleotides and Optimization of Transfection
	 NSCLC cell lines were seeded in 1X106 per well of 6-well plates without antibiotics one day 
prior to transfection after achieving 60 % confluence. SIRT6 siRNA6 oligos and negative control 
siRNA at a concentration of 25 nM were employed on the transfection day. Diluted siRNA (Tube 
A) and Lipofectamine 3000 (transfection reagent) (Tube B) were produced in serum-free medium 
and placed in different tubes. Tube A: 150 µl of serum-reduced OPTI-MEM medium diluted with 
2 µl of 25nM siRNA oligonucleotides. Tube B: 150 µl of OPTI-MEM serum-reduced medium with 
6 µl of lipofectamine 3000. Each tube was incubated for five minutes. Next, the diluted siRNA 
oligonucleotide and diluted Lipofectamine 3000 were combined, gently mixed, and incubated for 
twenty-five minutes at room temperature.
	 Following incubation, cells and antibiotic-free media were introduced dropwise to six-well 
plates containing siRNA and Lipofectamine 3000 complexes. Cells containing the transfection 
complex were incubated at 37°C with 5 % oxygen, and they were kept alive for 48 hours following 
transfection.

Transfection of Sirt6 SiRNA and Negative Control
	 After achieving 60 % confluency, lung cancer cells were planted into a six-well plate (1X106). 
SIRT6 siRNA (sense: 5’GAAUGUGCCAAGUGUAAGAtt3’, antisense: 5’UCUUACACU 
UGGCACAUUCtt-3’) and its negative control siRNA (AM4611) were acquired from Invitrogen 
in the United States for use in siRNA transfection. Following the manufacturer’s instructions, the 
cells were transfected using Lipofectamine 3000 reagent (Invitrogen, USA) at a concentration of 
25nM. The cells were kept alive for 48 hours following transfection, with the lipofectamine reagent 
alone acting as a sham control. Western blotting and RT-PCR were used to assess the effectiveness 
of the transfection.
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Reverse Transcriptase PCR Analysis
Total RNA Isolation
	 Takara RNAiso plus reagent (Takara Bio Inc., Japan) was used to isolate total RNA. In summary, 
siRNA-transfected A549 and NCI-H460 cells are used to silence unsilenced A549 and NCI-H460 
cells after the cells have been twice washed with ice-cold PBS. The cells were lysed directly in 
a culture plate using 1 milliliter of TRIzol reagent, collected into 2 milliliter centrifuge tubes,  
and mixed with 0.2 milliliter of chloroform. The cells were vortexed rapidly for 5 minutes and then 
incubated for 20 minutes at room temperature. Following incubation, the samples were centrifuged 
for 15 minutes at 4°C at 12,000 rpm, and the upper aqueous phase—which contains total RNA—
was carefully removed and placed in a fresh 1.5 ml centrifuge tube.
	 The aqueous phase was separated from the total RNA by employing isopropyl alcohol. After 
gently mixing the aqueous phase with 0.5 ml of isopropyl alcohol by inverting the tubes, the 
mixture was incubated for 10 minutes at room temperature. Following incubation, the samples 
were centrifuged at 10,000 rpm for 10 minutes at 4°C, and the supernatant was carefully removed. 
The RNA pellet was then washed by adding 1 ml of 75 % ethanol, gently mixed, and the tubes were 
inverted once more. After centrifugation, all leftover ethanol was removed, and the tubes were 
inverted again, allowing the RNA pellet to air dry for 10 minutes. 50 µl of nuclease-free water was 
added to dissolve the RNA pellet, which was then kept in a freezer at -20°C for further use in tests.

RNA Quantification and cDNA Construction
	 Using the Eppendorf bio spectrophotometer, total RNA was measured. Only cDNA synthesis 
was conducted on the A260/A280 ratio <1.80 and the A260/A230 ratio <0.5 samples. For the 
creation of cDNA, 2µg of RNA was utilized. Using the Prime Script TM RT reagent kit (Catalog 
number: RR037A-Takara Bio Inc, Japan), cDNA was created. To prepare a 0.2 µl PCR tube for  
20 µl of cDNA, add 5X Prime Script buffer (-4.0 µl), Prime Script RT Enzyme (-1µl), 50 µM Oligo 
dT primer (1.0 µl), Random 6 mars (-1µl), RNA (-2 µg), and Nuclease-free water up to 13 µl.  
The RNA-Primer mixture was incubated in the following circumstances: Takara PCR thermal 
cycler dice (Takara): 37°C for 15 minutes, 85°C for 5 seconds, and final hold at 4°C Synthesized 
cDNA was stored at-20°C for further experiments.

RT-PCR
	 Using the Emerald Amp RT PCR master mix (Catalog number: RR310A-Takara Bio Inc, Japan) 
and the Takara PCR thermal cycler dice, the mRNA expression levels were measured by RT-PCR 
(Takara Bio Inc, Japan). To perform a 10 µl RT-PCR reaction, add 5 µl of 2X PCR master mix, 
1 µl of cDNA, 1 µl of Forward Primer, 1 µl of Reverse Primer, and 2 µl of nuclease-free water to 
PCR tubes. Gently mix the reagents and incubate for 35 cycles at 95°C for 30 seconds, 60°C for 30 
seconds, and 72°C for 30 seconds.
	 Gel documentation was done using Gelstan 1012 (Mediccare Scientific, Chennai, India) and 
2% agarose gel electrophoresis was used to evaluate the expression of each gene of interest, 
normalized to a housekeeping gene (β-ACTIN). Using ImageJ software (National Institutes of 
Health, Bethesda, MD, USA), the band intensities were measured.

Western Blotting
Total Protein Isolation
	 A549 and NCI-H460 cells that had been transfected with siRNA to silence them as well as 
their negative controls were lysed using 1 milliliter of RIPA (Radio Immunoprecipitation assay) 
lysis buffer (pH 7.4+0.1) that contained 10 microliters of PMSF (200 mM), 10 microliters of 
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sodium orthovanadate (100 mM), and 10 microliters of protease inhibitor cocktail (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). Using a cell scraper, the cells were removed from the plates 
and placed into microcentrifuge tubes. The tubes were then placed in the ice for fifteen minutes and 
vortexed for five minutes. Following incubation, the cells were centrifuged for 20 minutes at 4°C 
at 12,000 rpm.
	 After being collected in a fresh tube, the cleared supernatant was centrifuged once more for ten 
minutes at 4°C at 12,000 rpm. For later usage, the cleaned supernatant was gathered and aliquoted. 
Samples of isolated proteins were kept in a freezer set at -20°C until use in additional tests.

Protein Estimation
	 The concentration of total protein was determined by applying Lowry’s technique (Lowry et al., 
1951). At 660 nm, the absorbance of the standards and samples was measured using BSA (bovine 
serum albumin) as the standard.

Separation of Protein by SDS-Gel Electrophoresis and Detection
	 After being resuspended in 6X protein loading buffer, the quantified protein (50 µg per lane) 
was separated using 12% SDS-polyacrylamide gel electrophoresis (100 V, 2.30h). It was then 
transferred onto a nitrocellulose membrane (150 V for 1.30h) using Towbin buffer (25 mM Tri’s 
base, 190 mM glycine, 20 % methanol, pH: 8.3) from Bio-Rad, Hercules, CA, USA. To prevent 
nonspecific antibody binding, the membranes were treated for one hour at room temperature with 
blocking buffer, which was made freshly and consisted of 5 % skimmed milk powder in TBS-T  
(20 mM Tris, 136 mM NaCl, 0.1 Tween 20, pH 7.6). Primary monoclonal antibodies against mice 
and rabbits were diluted 1:10,000 and incubated for an entire night at 4°C.
	 Membranes were washed (3 times for 5 min) with TBS-T and TBS. And then further the 
membranes were then treated three times for five minutes with TBS-T and TBS after being incubated 
with goat anti-rabbit or anti-mouse secondary antibody (cell Signalling Technology, Danvers, MA, 
USA). The 200 µl BCIP/NBT solution (Merck Millipore, Bedford, MD, USA) was used to identify 
bands. Bio-Rad Gel doc XR plus (Bio-Rad, Hercules, CA, USA) was used to observe the bands, 
and ImageJ software (NIH) was used to quantify the band intensities.

Results & Discussion
Silencing of SIRT6 Stabilizes the β-CATENIN by Decreasing the Phosphorylation
	 In line with the earlier findings, we speculate that the suppression of WNT in NSCLC cell lines 
is caused by increased β-CATENIN expression that is controlled by SIRT6. According to our 
findings, SIRT6 knockdown lowers the β-phosphorylation status of the β-CATENIN protein, which 
may lead to an increase in the protein’s stability in NSCLC cell lines. Using an immunoblotting 
test, we evaluated if SIRT6 suppression might raise the DNMT1 protein level. The results showed 
that SIRT6 knockdown increased the amount of active β-CATENIN.
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Figure 5.1 Status of β Catenin upon SIRT6 Knockdown (SIRT6 siRNA 1 and SIRT6 siRNA 
2 in NSCLC Cell Line

	 Wnt/βcatenin signaling is evolutionarily conserved and required for embryonic development and 
tissue homeostasis. Wnt/βcatenin signaling is frequently reported to participate in the development 
and progressions of various types of tumors. This The signaling system is crucial for intercellular 
communication and has been remarkably conserved throughout evolution. A growing body of 
research suggests that improving the expression of Wnt/β-catenin signaling elements, including 
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as receptors and downstream targets, is critical for reversing the EMT phenotype and overcoming 
drug resistance. In this investigation, si-SIRT6 was used to transduce NSCLC cells. We discovered 
a substantial rise in β-Catenin protein levels, indicating that SIRT6 inversely controlled this 
pathway in NSCLC cells. Therefore, our results showed that SIRT6 silencing increases β-catenin/
Wnt signaling by posttranslational modification.

Conclusion
	 A family of NAD+-dependent proteins called sirtuins is important in maintaining metabolic 
balance and controlling lifespan. It has been reported that sirtuin 6 (SIRT6) has an oncogenic 
influence in lung cancer. Nevertheless, it is unclear exactly how SIRT6 functions at the molecular 
level in human lung cancer. For lung cancer to continue, Wnt signaling must be well regulated.  
It is still mostly unclear how Wnt signaling is epigenetically regulated in NSCLC. As a result,  
we looked at how crucial the SIRT6 function is in A549 and H460. In human NSCLC, SIRT6 was 
substantially expressed. NSCLC cell viability was markedly reduced when SIRT6 was silenced. 
β-catenin is less phosphorylated when SIRT6 is knocked down. These findings imply that SIRT6 
suppression may control WNT signaling by raising the amounts of active β-catenin protein in 
NSCLC.

Acknowledgement
	 I would like to express my gratitude to Alagappa University for providing lab space for this 
research during my investigation.

References
1.	 Dajani, R., Fraser, E., Roe, S.M., Yeo, M., Good, V.M., Thompson, V., Dale, T.C. and Pearl, 

L.H., 2003. Structural basis for recruitment of glycogen synthase kinase 3β to the axin—APC 
scaffold complex. The EMBO journal, 22(3), pp.494-501.

2.	 Dang, W., 2014. The controversial world of sirtuins. Drug Discovery Today: Technologies, 
12, pp.e9-e17.

3.	 Dokmanovic, M., Clarke, C. and Marks, P.A., 2007. Histone deacetylase inhibitors: overview 
and perspectives. Molecular cancer research, 5(10), pp.981-989.

4.	 Egger, G., Liang, G., Aparicio, A. and Jones, P.A., 2004. Epigenetics in human disease and 
prospects for epigenetic therapy. Nature, 429(6990), pp.457-463.

5.	 Fiorentino, F., Carafa, V., Favale, G., Altucci, L., Mai, A. and Rotili, D., 2021. The two-faced 
role of SIRT6 in cancer. Cancers, 13(5), p.1156.

6.	 Fiorentino, F., Carafa, V., Favale, G., Altucci, L., Mai, A. and Rotili, D., 2021. The Two-Faced 
Role of SIRT6 in Cancer. Cancers 2021, 13, 1156.

7.	 Firestein, R., Blander, G., Michan, S., Oberdoerffer, P., Ogino, S., Campbell, J., Bhimavarapu, 
A., Luikenhuis, S., de Cabo, R., Fuchs, C. and Hahn, W.C., 2008. The SIRT1 deacetylase 
suppresses intestinal tumorigenesis and colon cancer growth. PloS one, 3(4), p.e2020.

8.	 Fong, P.C., Boss, D.S., Yap, T.A., Tutt, A., Wu, P., Mergui-Roelvink, M., Mortimer, P., 
Swaisland, H., Lau, A., O’Connor, M.J. and Ashworth, A., 2009. Inhibition of poly (ADP-
ribose) polymerase in tumors from BRCA mutation carriers. New England Journal of Medicine, 
361(2), pp.123-134.

9.	 George, J. and Ahmad, N., 2016. Mitochondrial sirtuins in cancer: emerging roles and 
therapeutic potential. Cancer research, 76(9), pp.2500-2506.

10.	Grozinger, C.M., Chao, E.D., Blackwell, H.E., Moazed, D. and Schreiber, S.L., 2001. 
Identification of a class of small molecule inhibitors of the sirtuin family of NAD-dependent 
deacetylases by phenotypic screening. Journal of Biological Chemistry, 276(42), pp.38837-
38843.



89

Shanlax
International Journal of Arts, Science and Humanities

https://www.shanlaxjournals.com

11.	 Guo, W., Chen, W., Yu, W., Huang, W. and Deng, W., 2013. Small interfering RNA-based 
molecular therapy of cancers. Chinese journal of cancer, 32(9), p.488.

12.	 Ha, N.C., Tonozuka, T., Stamos, J.L., Choi, H.J. and Weis, W.I., 2004. Mechanism of 
phosphorylation-dependent binding of APC to β-catenin and its role in β-catenin degradation. 
Molecular cell, 15(4), pp.511-521.

13.	 Hammond, S.M., 2005. Dicing and slicing: the core machinery of the RNA interference 
pathway. FEBS letters, 579(26), pp.5822-5829.

14.	Heltweg, B., Gatbonton, T., Schuler, A.D., Posakony, J., Li, H., Goehle, S., Kollipara, R., 
DePinho, R.A., Gu, Y., Simon, J.A. and Bedalov, A., 2006. Antitumor activity of a small-
molecule inhibitor of human silent information regulator 2 enzymes. Cancer research, 66(8), 
pp.4368-4377.

15.	Henderson, B.R. and Fagotto, F., 2002. The ins and outs of APC and β-catenin nuclear transport. 
EMBO reports, 3(9), pp.834-839.

16.	Hoang, N.T., Acevedo, L.A., Mann, M.J. and Tolani, B., 2018. A review of soft-tissue 
sarcomas: translation of biological advances into treatment measures. Cancer management and 
research, pp.1089-1114.

17.	 Hoppler, S. and Kavanagh, C.L., 2007. Wnt signalling: variety at the core. Journal of cell 
science, 120(3), pp.385-393.

18.	Howitz, K.T., Bitterman, K.J., Cohen, H.Y., Lamming, D.W., Lavu, S., Wood, J.G., Zipkin, 
R.E., Chung, P., Kisielewski, A., Zhang, L.L. and Scherer, B., 2003. Small molecule activators 
of sirtuins extend Saccharomyces cerevisiae lifespan. Nature, 425(6954), pp.191-196.

19.	 Huang, Y., Myers, S.J. and Dingledine, R., 1999. Transcriptional repression by REST: 
recruitment of Sin3A and histone deacetylase to neuronal genes. Nature neuroscience, 2(10), 
pp.867-872.

20.	Hubbard, B.P. and Sinclair, D.A., 2014. Small molecule SIRT1 activators for the treatment of 
aging and age-related diseases. Trends in pharmacological sciences, 35(3), pp.146-154.

21.	Huber, A.H. and Weis, W.I., 2001. The structure of the β-catenin/E-cadherin complex and the 
molecular basis of diverse ligand recognition by β-catenin. Cell, 105(3), pp.391-402.

22.	 Imai, S.I., Armstrong, C.M., Kaeberlein, M. and Guarente, L., 2000. Transcriptional silencing 
and longevity protein Sir2 is an NAD-dependent histone deacetylase. Nature, 403(6771), 
pp.795-800.

23.	 Jamieson, C., Sharma, M. and Henderson, B.R., 2011. Regulation of βCatenin nuclear dynamics 
by GSK3β involves a LEF1 positive feedback loop. Traffic, 12(8), pp.983-999.

24.	 Jamieson, C., Sharma, M. and Henderson, B.R., 2012. Wnt signaling from membrane to 
nucleus: β-catenin caught in a loop. The international journal of biochemistry & cell biology, 
44(6), pp.847-850.

25.	 Jang, M., Cai, L., Udeani, G.O., Slowing, K.V., Thomas, C.F., Beecher, C.W., Fong, H.H., 
Farnsworth, N.R., Kinghorn, A.D., Mehta, R.G. and Moon, R.C., 1997. Cancer chemopreventive 
activity of resveratrol, a natural product derived from grapes. Science, 275(5297), pp.218-220.

26.	 Jho, E.H., Lomvardas, S. and Costantini, F., 1999. A GSK3β phosphorylation site in axin 
modulates interaction with β-catenin and Tcf-mediated gene expression. Biochemical and 
biophysical research communications, 266(1), pp.28-35.

27.	 Jin, R., Yang, G. and Li, G., 2010. Molecular insights and therapeutic targets for blood–brain 
barrier disruption in ischemic stroke: critical role of matrix metalloproteinases and tissue-type 
plasminogen activator. Neurobiology of disease, 38(3), pp.376-385.

28.	 Kasteng, F., Sobocki, P., Svedman, C. and Lundkvist, J., 2007. Economic evaluations of leukemia: 
a review of the literature. International journal of technology assessment in health care, 23(1), pp.43-53.



Alagappa University Journal of Biological Sciences (AUJBS)

ALAGAPPA UNIVERSITY, Karaikudi90

29.	Kimelman, D. and Xu, W., 2006. β-Catenin destruction complex: insights and questions from 
a structural perspective. Oncogene, 25(57), pp.7482-7491.

30.	K Koni, M., Pinnarò, V. and Brizzi, M.F., 2020. The Wnt signalling pathway: a tailored target 
in cancer. International Journal of Molecular Sciences, 21(20), p.7697.

31.	 Krishnamoorthy, V. and Vilwanathan, R., 2020. Silencing Sirtuin 6 induces cell cycle arrest 
and apoptosis in non-small cell lung cancer cell lines. Genomics, 112(5), pp.3703-3712.

32.	Kupis, W., Pałyga, J., Tomal, E. and Niewiadomska, E., 2016. The role of sirtuins in cellular 
homeostasis. Journal of physiology and biochemistry, 72, pp.371-380.

33.	 Laganà, A., Veneziano, D., Russo, F., Pulvirenti, A., Giugno, R., Croce, C.M. and Ferro, 
A., 2015. Computational design of artificial RNA molecules for gene regulation. RNA 
Bioinformatics, pp.393-412.

34.	 Lee, S.K., Park, E.J., Lee, H.S., Lee, Y.S. and Kwon, J., 2012. Genome-wide screen of human 
bromodomain-containing proteins identifies Cecr2 as a novel DNA damage response protein. 
Molecules and cells, 34, pp.85-91.

35.	Link, A., Balaguer, F. and Goel, A., 2010. Cancer chemoprevention by dietary polyphenols: 
promising role for epigenetics. Biochemical pharmacology, 80(12), pp.1771-1792..

36.	 Luo, F., 2000. Automorphisms of the complex of curves. Topology, 39(2), pp.283-298.
37.	Luo, W., Peterson, A., Garcia, B.A., Coombs, G., Kofahl, B., Heinrich, R., Shabanowitz, J., 

Hunt, D.F., Yost, H.J. and Virshup, D.M., 2007. Protein phosphatase 1 regulates assembly and 
function of the βcatenin degradation complex. The EMBO journal, 26(6), pp.1511-1521.

38.	MacDonald, B.T., Tamai, K. and He, X., 2009. Wnt/β-catenin signaling: components, 
mechanisms, and diseases. Developmental cell, 17(1), pp.9-26.

39.	 Mahmoodi Chalbatani, G., Dana, H., Gharagouzloo, E., Grijalvo, S., Eritja, R., Logsdon, C.D., 
Memari, F., Miri, S.R., Rad, M.R. and Marmari, V., 2019. Small interfering RNAs (siRNAs) in 
cancer therapy: a nano-based approach. International journal of nanomedicine, pp.3111-3128.

40.	Mao, Z., Hine, C., Tian, X., Van Meter, M., Au, M., Vaidya, A., Seluanov, A. and Gorbunova, 
V., 2011. SIRT6 promotes DNA repair under stress by activating PARP1. Science, 332(6036), 
pp.1443-1446.

41.	Miller, T.M., Kaspar, B.K., Kops, G.J., Yamanaka, K., Christian, L.J., Gage, F.H. and Cleveland, 
D.W., 2005. Virusdelivered small RNA silencing sustains strength in amyotrophic lateral 
sclerosis. Annals of Neurology: Official Journal of the American Neurological Association 
and the Child Neurology Society, 57(5), pp.773-776.

42.	 Moore, L.D., Le, T. and Fan, G., 2013. DNA methylation and its basic function. 
Neuropsychopharmacology, 38(1), pp.23-38.

43.	 Morgan-Lappe, S., Woods, K.W., Li, Q., Anderson, M.G., Schurdak, M.E., Luo, Y., Giranda, 
V.L., Fesik, S.W. and Leverson, J.D., 2006. RNAi-based screening of the human kinome 
identifies Akt-cooperating kinases: a new approach to designing efficacious multitargeted 
kinase inhibitors. Oncogene, 25(9), pp.1340-1348..

44.	Mottamal, M., Zheng, S., Huang, T.L. and Wang, G., 2015. Histone deacetylase inhibitors in 
clinical studies as templates for new anticancer agents. Molecules, 20(3), pp.3898-3941.

45.	 Oon, S.F., Nallappan, M., Tee, T.T., Shohaimi, S., Kassim, N.K., Sa’ariwijaya, M.S.F. and 
Cheah, Y.H., 2015. Xanthorrhizol: A review of its pharmacological activities and anticancer 
properties. Cancer cell international, 15, pp.1-15.

46.	 Ota, H., Tokunaga, E., Chang, K., Hikasa, M., Iijima, K., Eto, M., Kozaki, K., Akishita, M., 
Ouchi, Y. and Kaneki, M., 2006. Sirt1 inhibitor, Sirtinol, induces senescence-like growth arrest 
with attenuated Ras–MAPK signaling in human cancer cells. Oncogene, 25(2), pp.176-185.



91

Shanlax
International Journal of Arts, Science and Humanities

https://www.shanlaxjournals.com

47.	Paddison, P.J., Silva, J.M., Conklin, D.S., Schlabach, M., Li, M., Aruleba, S., Balija, V., 
O’Shaughnessy, A., Gnoj, L., Scobie, K. and Chang, K., 2004. A resource for large-scale 
RNA-interference-based screens in mammals. Nature, 428(6981), pp.427-431.

48.	Rotili, D., Tarantino, D., Carafa, V., Paolini, C., Schemies, J., Jung, M., Botta, G., Di Maro, 
S., Novellino, E., Steinkühler, C. and De Maria, R., 2012. Benzodeazaoxaflavins as sirtuin 
inhibitors with antiproliferative properties in cancer stem cells. Journal of medicinal chemistry, 
55(18), pp.8193-8197.

49.	Rubinfeld, B., Albert, I., Porfiri, E., Fiol, C., Munemitsu, S. and Polakis, P., 1996. Binding 
of GSK3β to the APC-β-catenin complex and regulation of complex assembly. Science, 
272(5264), pp.1023-1026.

50.	Rubinfeld, B., Tice, D.A. and Polakis, P., 2001. Axin-dependent phosphorylation of the 
adenomatous polyposis coli protein mediated by casein kinase 1ε. Journal of Biological 
Chemistry, 276(42), pp.39037-39045..

51.	Saltarella, I., Lamanuzzi, A., Apollonio, B., Desantis, V., Bartoli, G., Vacca, A. and Frassanito, 
M.A., 2021. Role of extracellular vesicle-based cell-to-cell communication in multiple 
myeloma progression. Cells, 10(11), p.3185.

52.	 Sarkar, S., Longacre, M., Tatur, N., Heerboth, S. and Lapinska, K., 2006. Histone deacetylases 
(HDACs): Function, mechanism, & inhibition. Encyclopedia of Analytical Chemistry: 
Applications, Theory and Instrumentation, pp.1-9.

53.	 Shahgaldi, S. and Kahmini, F.R., 2021. A comprehensive review of Sirtuins: With a major 
focus on redox homeostasis and metabolism. Life Sciences, 282, p.119803.

54.	 Shanbhag, S. and Ambinder, R.F., 2018. Hodgkin lymphoma: A review and update on recent 
progress. CA: a cancer journal for clinicians, 68(2), pp.116-132.

55.	Shanmugam, M.K., Arfuso, F., Arumugam, S., Chinnathambi, A., Jinsong, B., Warrier, S., 
Wang, L.Z., Kumar, A.P., Ahn, K.S., Sethi, G. and Lakshmanan, M., 2018. Role of novel 
histone modifications in cancer. Oncotarget, 9(13), p.11414. Sharma, S., Kelly, T.K. and Jones, 
P.A., 2010. Epigenetics in cancer. Carcinogenesis, 31(1), pp.27-36.

56.	 Sharma, S., Kelly, T.K. and Jones, P.A., 2010. Epigenetics in cancer. Carcinogenesis, 31(1), 
pp.27-36.

57.	 Stappert, J. and Kemler, R., 1994. A short core region of E-cadherin is essential for catenin 
binding and is highly phosphorylated. Cell adhesion and communication, 2(4), pp.319-327..

58.	 Subramaniam, D., Thombre, R., Dhar, A. and Anant, S., 2014. DNA methyltransferases: a 
novel target for prevention and therapy. Frontiers in oncology, 4, p.80.

59.	Tao, J., Zhang, J., Ling, Y., McCall, C.E. and Liu, T.F., 2018. Mitochondrial sirtuin 4 resolves 
immune tolerance in monocytes by rebalancing glycolysis and glucose oxidation homeostasis. 
Frontiers in Immunology, 9, p.419.

60.	 Tennen, R.I. and Chua, K.F., 2011. Chromatin regulation and genome maintenance by 
mammalian SIRT6. Trends in biochemical sciences, 36(1), pp.39-46.

61.	 Tiemann, K. and Rossi, J.J., 2009. RNAibased therapeutics–current status, challenges and 
prospects. EMBO molecular medicine, 1(3), pp.142-151.

62.	 Torti, D. and Trusolino, L., 2011. Oncogene addiction as a foundational rationale for targeted 
anticancer therapy: promises and perils. EMBO molecular medicine, 3(11), pp.623-636..

63.	 Vaziri, H., Dessain, S.K., Eaton, E.N., Imai, S.I., Frye, R.A., Pandita, T.K., Guarente, L. and 
Weinberg, R.A., 2001. hSIR2SIRT1 functions as an NAD-dependent p53 deacetylase. Cell, 
107(2), pp.149-159.

64.	Vazquez, B.N., Thackray, J.K., Simonet, N.G., KaneGoldsmith, N., MartinezRedondo, P., 
Nguyen, T., Bunting, S., Vaquero, A., Tischfield, J.A. and Serrano, L., 2016. SIRT 7 promotes 



Alagappa University Journal of Biological Sciences (AUJBS)

ALAGAPPA UNIVERSITY, Karaikudi92

genome integrity and modulates non homologous end joining DNA repair. The EMBO journal, 
35(14), pp.1488-1503.

65.	Villalona-Calero, M.A., Otterson, G.A., Wientjes, M.G., Weber, F., Bekaii-Saab, T., Young, 
D., Murgo, A.J., Jensen, R., Yeh, T.K., Wei, Y. and Zhang, Y., 2008. Noncytotoxic suramin 
as a chemosensitizer in patients with advanced non-small-cell lung cancer: a phase II study. 
Annals of oncology, 19(11), pp.1903-1909.

66.	Wagner, J.M., Hackanson, B., Lübbert, M. and Jung, M., 2010. Histone deacetylase (HDAC) 
inhibitors in recent clinical trials for cancer therapy. Clinical epigenetics, 1(3), pp.117-136.

67.	Wang, H.U., Diao, D., Shi, Z., Zhu, X., Gao, Y., Gao, S., Liu, X., Wu, Y., Rudolph, K.L., Liu, 
G. and Li, T., 2016. SIRT6 controls hematopoietic stem cell homeostasis through epigenetic 
regulation of Wnt signaling. Cell stem cell, 18(4), pp.495-507.

68.	 Widelitz, R., 2005. Wnt signaling through canonical and non-canonical pathways: recent 
progress. Growth factors, 23(2), pp.111-116.

69.	 Willert, K., Shibamoto, S. and Nusse, R., 1999. Wnt-induced dephosphorylation of axin 
releases β-catenin from the axin complex. Genes & development, 13(14), pp.1768-1773.

70.	Ye, X., Li, M., Hou, T., Gao, T., Zhu, W.G. and Yang, Y., 2017. Sirtuins in glucose and lipid 
metabolism. Oncotarget, 8(1), p.1845.

71.	Zhang, Y., Zhang, M., Dong, H., Yong, S., Li, X., Olashaw, N., Kruk, P.A., Cheng, J.Q., 
Bai, W., Chen, J. and Nicosia, S.V., 2009. Deacetylation of cortactin by SIRT1 promotes cell 
migration. Oncogene, 28(3), pp.445-460.

72.	Zhao, E., Hou, J., Ke, X., Abbas, M.N., Kausar, S., Zhang, L. and Cui, H., 2019. The roles of 
sirtuin family proteins in cancer progression. Cancers, 11(12), p.1949.

 
 


